Objective: Previous research has demonstrated an association between alexithymia and a deficit in interhemispheric communication in Vietnam combat veterans with posttraumatic stress disorder. The purpose of this study was to evaluate this association in a nonclinical sample. Methods: The efficiency of interhemispheric transfer was assessed in 14 alexithymic and 15 nonalexithymic right-handed, male, undergraduate university students using a tactile finger localization task. Results: The nonalexithymic subjects were significantly more efficient at transferring information between the cerebral hemispheres than the alexithymic subjects. Conclusions: This finding provides further evidence of an interhemispheric transfer deficit in alexithymia and suggests that an alexithymic cognitive style reflects poor integration of the information processing of the two cerebral hemispheres.
INTRODUCTION
The alexithymia construct encompasses the following salient features: difficulty identifying and describing feelings; difficulty distinguishing between feelings and the bodily sensations of emotional arousal; constricted imaginal processes, as evidenced by a paucity of fantasies; and a cognitive style that is concrete and externally oriented (1, 2) . Although interest in alexithymia has focused primarily on examining the association between this personality construct and a variety of medical and psychiatric disorders (2) , a small number of investigators have explored underlying neurobiological processes.
More than two decades ago, cerebral laterality researchers demonstrated that the left cerebral hemisphere in right-handed individuals displays an advantage for verbal and analytical functions and that the right hemisphere is at an advantage for a nonverbal spatial and holistic mode of processing, including imagery and the perception and nonverbal expression of emotion (3) . This discovery led Hoppe and Bogen (4) to predict that "split-brain" patients (ie, patients who had undergone cerebral commissurotomies for treatment of intractable epilepsy) should manifest some features of alexithymia. In a preliminary investigation of 12 split-brain individuals, Hoppe and Bogen (4) observed a paucity of fantasies, difficulty in describing feelings, and a pronounced operative style of thinking. Buchanan et al. (5) subsequently reported a similar cluster of alexithymic characteristics in a 37-year-old man with agenesis of the corpus callosum. On the basis of these findings in split-brain patients, Hoppe (6) postulated that alexithymia might involve an interruption of the normal flow of information between the two cerebral hemispheres; he referred to this as a "functional commissurotomy."
Support for this hypothesis has come from experimental research with both split-brain patients and neurologically intact individuals. Using a complex method of content analysis to assess emotional expressiveness and the quality of fantasy and symbolization, TenHouten et al. (7) compared the spoken and written responses of eight patients who had had cerebral commissurotomies (six complete and two partial) with those of eight neurologically intact control subjects to a film that was aimed at evoking emotions and fantasies by symbolically representing death and loss. The results showed that the split-brain patients were more alexithymic than the control subjects.
Additional support for the interhemispheric communication deficit hypothesis of alexithymia was provided by Zeitlin et al. (8) , who used a tactile finger localization task to assess the efficiency of interhemispheric communication. This task requires participants to respond, while blindfolded, to fingers touched in sequence by an examiner. Participants respond to one-, two-, three-, or four-finger sequences by touching the fingers that have been touched with the thumb of the same hand (uncrossed condition) or by touching the corresponding fingers on the other hand with the thumb of that hand (crossed condition). The task provides a behavioral measure of interhemispheric transfer because the condition in which one hand receives the stimulus and the other hand is required to respond (crossed condition) requires the transfer of information across the corpus callosum for successful performance. For normal adults, the crossed condition is only slightly more difficult than the uncrossed condition of this task (9) . It has been shown, however, that split-brain patients and individuals with agenesis of the corpus callosum perform extremely poorly on the crossed condition of the task (9, 10); moreover, the greater the extent of the surgical section of the corpus callosum in split-brain patients, the more severe the loss in cross-localization accuracy (9). Zeitlin et al. (8) found that alexithymic male Vietnam combat veterans with posttraumatic stress disorder displayed a significant deficit in the interhemispheric transfer of sensorimotor information when compared with nonalexithymic veterans and with normal control subjects. In addition, the deficit in interhemispheric transfer was bidirectional.
In a later study, Dewaraja and Sasaki (11) used a different methodology to explore the relationship between interhemispheric transfer and alexithymia. On the basis of scores on the Schalling-Sifneos personality scale, right-handed university students were identified as either alexithymic or nonalexithymic and were then given a series of lateralized visual matching tasks (using a tachistoscope) that involved linguistic or nonlinguistic stimuli. Differences in ipsilateral or contralateral hand reaction times were used to indicate speed of callosal transfer. The alexithymic group was significantly slower than the nonalexithymic group in the callosal transfer of nonlinguistic information, but the groups did not differ in the speed of transferring linguistic information. In contrast to Zeitlin et al.'s (8) finding of a bidirectional relationship between alexithymia and the callosal transfer process, Dewaraja and Sasaki (11) found only a right-to-left relationship.
Although the results from the two studies with neurologically intact individuals support the hypothesis of an interhemispheric transfer deficit in alexithymia, the use of combat veterans with posttraumatic stress disorder in Zeitlin et al.'s (8) study raises questions about the generalizability of the findings to other populations, and the study by Dewaraja and Sasaki (11) is limited by the use of the Schalling-Sifneos personality scale to measure alexithymia because the scale lacks reliability and validity (2) .
The purpose of the present study was to determine whether the findings from the Zeitlin et al. (8) study could be replicated in a nonclinical sample.
METHODS

Subjects and Measures
The sample consisted of 29 right-handed male volunteers selected from two large undergraduate psychology classes on the basis of gender, response to an inquiry about their handedness, and alexithymia scores. Exclusion criteria included individuals who were being treated for psychiatric problems or were taking psychotropic medications. Female students and left-handed male students were excluded as participants because of reports in the literature that there is a lesser degree of cerebral lateralization in these groups (12, 13) . All male students in the psychology classes who identified themselves as right-handed (N ϭ 141) were prescreened for alexithymia with the TAS-20 (2, 14) , which is a revised and improved version of TAS, which was used in Zeitlin et al.'s study (8) . Although both scales are highly correlated and demonstrate both internal reliability and test-retest reliability (2, 14) , TAS-20 has a more stable factor structure than the TAS because of the addition of several new items and the elimination of items found to have lowmagnitude corrected item/total correlations, high correlations with a social desirability scale, or significant loadings on more than one factor (2, 14) . In the process of improving the psychometric properties of the scale, all items assessing fantasy activity were eliminated; it has been demonstrated, however, that the facet of the alexithymia construct pertaining to constricted imaginal activity is assessed indirectly by the factor assessing externally oriented thinking (2, 15) . Like TAS, TAS-20 has empirically derived cutoff scores for identifying alexithymic and nonalexithymic groups (2) .
Among the 29 right-handed male students, 14 scored in the alexithymic range (Ն61), and 15 students scored in the nonalexithymic range (Յ51) on TAS-20. The alexithymic group had a mean TAS-20 score of 66.79 (SD ϭ 5.47) and a mean age of 21.00 years (SD ϭ 1.54). The nonalexithymic group had a mean TAS-20 score of 37.00 (SD ϭ 9.14) and a mean age of 23.36 years (SD ϭ 7.66). The handedness of the 29 subjects was further assessed with the 13-item General Laterality Scale taken from the Lateral Preference Schedule (16) . No subject scored more than 34, confirming that all subjects were right-handed. None of the 29 subjects refused to participate in the experiment; they all gave informed consent and received either course credit or $5 for volunteering to participate in the study.
Procedure
For each subject, the efficiency of interhemispheric communication was assessed with the tactile finger localization task, which was administered in the same manner as used in the study by Zeitlin et al. (8) . This task was standardized by Geffen et al. (9, 17) and is considered a reliable and valid procedure for assessing the efficiency of interhemispheric transfer of information (17, 18) . As noted earlier, an inability to perform crossed tactile localization has been demonstrated as an effect of callosal agenesis or surgical disconnection of the commissures (9, 10).
The subject was seated at a table on which he rested his forearms stretched in front of him with the palms up. After having the tactile finger localization task demonstrated until he understood how to perform and respond, the subject was blindfolded. The examiner, who was blinded to TAS-20 scores for all subjects, then lightly touched the tip of one, two, three, or four of the subject's fingers sequentially with the sharpened point of a pencil in a random order identical for each subject. In each trial, after the fingers were stimulated, the subject was asked to indicate which fingers had been touched by touching the same fingers with the tip of the thumb of the same hand (uncrossed condition) or the corresponding fingers on the opposite hand with the thumb of that (opposite) hand (crossed condition). The subject was told which hand would be stimulated, how many fingers would be touched, and with which hand to respond before each trial. No feedback concerning the accuracy of response was provided in any trial. No information was collected on the speed of response, but the subject was instructed to respond as quickly as possible. A 5-minute rest period was given to the subject halfway through the procedure.
Each subject was tested for localization and transfer of one-, two-, three-, and four-finger sequences. There were eight conditions administered in the following order: one-finger localization uncrossed (same hand responding), one-finger localization crossed (opposite hand responding), two-finger localization uncrossed, two-finger localization crossed, etc. There were 40 trials per condition and 20 trials per hand (320 trials total). Fifteen subjects were randomly assigned to start with the right hand, and 14 started with the left hand. Within each two-, three-, and four-finger trial, each finger was stimulated only once. For a trial to be scored as correct, subjects had to touch the correct fingers in the same order as stimulated. The total number of correct responses for each hand was recorded by the examiner. Order effects were not evaluated because each subject completed the various trials in the same order.
Kuder-Richardson internal reliabilities were calculated for the various two-, three-, and four-finger trials (left-hand presentation and left-hand response, left-hand presentation and right-hand response, right-hand presentation and right-hand response, and righthand presentation and left-hand response). Alpha coefficients could not be calculated for the one-finger trials because of limited variability on many trials. Across the two-, three-, and four-finger trials, alpha coefficients ranged from 0.68 to 0.92, suggesting that the task had acceptable internal reliability.
RESULTS
A group (alexithymic vs. nonalexithymic) by presentation hand (left vs. right) by response hand (same as presentation hand vs. opposite hand) analysis of variance was conducted with the number of correct responses on the tactile finger localization task as the dependent variable. Means and SDs for the alexithymic and nonalexithymic groups on each condition of the tactile finger localization task are presented in Table 1 .
The analysis of variance produced a significant main effect for group (F(1,27) ϭ 4.57, p Ͻ .05, MSE ϭ 277.39), with the nonalexithymic group performing significantly better than the alexithymic group. 1 There was also a significant main effect for response hand (F(1,27) ϭ 40.92, p Ͻ .001, MSE ϭ 18.18), indicating that for both the alexithymic and nonalexithymic groups, performance was significantly better when the response hand was the same as the presentation hand (uncrossed condition). The main effect for presentation hand was not significant (p Ͼ .05). A significant interaction between group and response hand was found (F(1,27) ϭ 6.17, p Ͻ .05, MSE ϭ 6.17) and is depicted graphically in Figure 1 .
Planned comparisons using contrast coefficients were performed to clarify the nature of the interaction. Specifically, it was found that the nonalexithymic group performed significantly better than the alexithymic group only in the crossed conditions. For example, the nonalexithymic group made significantly more correct responses than the alexithymic subjects in the left presentation hand, right response hand condition (F(1,27) ϭ 6.37, p Ͻ .05, MSE ϭ 100.97) as well 1 To investigate the possibility that this main effect might be an artifact of the alexithymic group having problems only with the most difficult trials (three-or four-finger trials), a group (alexithymia vs. nonalexithymia) by number of fingers (one vs. two vs. three vs. four) by presentation hand (left vs. right) by response hand (left vs. right) repeated-measures analysis of variance was also conducted. Although a main effect was found for the number of fingers (F(3,81) ϭ 54.18, p Ͻ .001), with all respondents making significantly more errors in the three-and four-finger trials than in the one-or twofinger trials, none of the two-, three-, or four-way interactions involving the number of fingers variable was significant. Thus, the difficulty of the task was not related to the alexithymic group's lower scores on the crossover tasks (compared with the nonalexithymic group's scores). as in the right presentation hand, left response hand condition (F(1,27) ϭ 4.72, p Ͻ .05, MSE ϭ 91.94). There were no significant differences between the two groups in the uncrossed conditions (p Ͼ .05). Planned comparisons using contrast coefficients were also calculated to determine whether the interhemispheric deficit observed in the alexithymic group was bidirectional or unidirectional. A significant difference was found for the alexithymic group when they were required to transfer the task information from the left hemisphere to the right (F(1,27) ϭ 24.79, p Ͻ .001, MSE ϭ 12.46) as well as from the right hemisphere to the left (F(1,27) ϭ 32.45, p Ͻ .001, MSE ϭ 11.90), indicating that the effect is bidirectional. No significant differences were found between the uncrossed conditions in the alexithymic group (left presentation and response hand vs. right presentation and response hand; p Ͼ .05).
DISCUSSION
The results of this study are consistent with the findings reported by Zeitlin et al. (8) and provide additional support for alexithymia being associated with a deficit in interhemispheric transfer. Alexithymic individuals made significantly more response errors than nonalexithymic individuals on the crossed component of the tactile finger localization task. This difference was found for transfer from right to left hemisphere and from left to right hemisphere, indicating that the interhemispheric transfer deficit is bidirectional.
The finding that alexithymic and nonalexithymic groups performed equally well on the uncrossed component of the task suggests that the deficit is specific to interhemispheric transfer and not due to alexithymic individuals performing poorly, in general, on neuropsychological tasks. Additional studies are needed, however, to evaluate the performance of alexithymic individuals on a variety of neuropsychological tasks.
The finding that the alexithymic subjects showed no difference between left-hand and right-hand performance in the uncrossed condition indicates that the interhemispheric transfer deficit is not due to a dysfunction in one or the other hemisphere. This finding, however, does not exclude the possibility that alexithymic individuals might manifest other informationprocessing deficits that are associated with dysfunction in a particular hemisphere. Indeed, several studies have found alexithymia to be associated with a diminished ability to recognize posed facial expressions of basic emotions (19 -21) , an ability that is linked predominantly to the right cerebral hemisphere (22) .
Although it is well-established that the right and left hemispheres have different roles in mediating various behaviors and higher mental processes (13) , there is accumulating evidence that individual differences in perceptual, cognitive, emotional, and imaginal processing reflect individual differences in the degree and nature of the interaction between the hemispheres, in particular in how well the hemispheres coordinate and integrate their respective operations (12, (23) (24) (25) . As noted by Banich (24) , interhemispheric interaction is not merely a passive shuttling of information between the hemispheres but an active process that has both enhancing and constraining effects and allows for integration of the parallel processing of different aspects of information by the specialized processing systems of the right and left hemispheres. Moreover, Banich (24) has shown that "the processing power of the hemispheres working together can surpass that of the separate capabilities of each hemisphere added together." The finding of an interhemispheric transfer deficit in alexithymia suggests that the salient features of the alexithymia construct reflect a limited capability to coordinate and integrate activity in the specialized cognitive, imaginal, and emotional processing systems of the right and left hemispheres. The neural basis of alexithymia may involve other mechanisms as well, of course, as suggested by the studies noted above, in which alexithymia is associated with deficits in the recognition of facial emotions, and by a recent study, in which emotional awareness correlated with in- creased activity in the anterior cingulate cortex during emotional arousal (26) .
Recognizing that interhemispheric transfer of information is critical to the processing of many complex tasks, it is important to acknowledge that the pattern of results shown in Figure 1 are not specific to alexithymia. In a recent study with college students, for example, dyslexic students with associated deficits in phonological processing (the ability to manipulate speech sounds in spoken or written language) were found to perform poorly on complex trials of the tactile finger localization task, especially on the crossed condition, when compared with dyslexic students with higher phonological ability (27) .
Given that the tactile finger localization task involves the transfer of sensorimotor information only, future research should assess interhemispheric transfer using a task with affect-laden stimuli, as Zeitlin et al. (8) suggested. Also, because gender and handedness can influence the degree of cerebral lateralization and aspects of interhemispheric interaction (12, 13) , future investigations should also determine whether the findings can be generalized to women and left-handed individuals.
